Abstract: The production of vigorous and die-back sites of the same reed belt and nutrient content of reed were studied to detect possible causes of reed die-back. Shoot density, total aboveground and belowground biomass and their C, N, P and S contents were also determined. Samples were collected from three vigorous and three die-back sites of Lake Fertő/Neusiedler See in 1996 and 1997. Reed stands were compared when the biomass was maximal in both years. Reed shoots were significantly (p = 5%) shorter, thinner and had less internodes at the die-back sites than at the vigorous sites, where the aboveground biomass was 1.5-2.0 times and the leaf area index (LAI) 1.7-2.5 times higher. The belowground biomass was nearly the same at the vigorous and die-back sites. The amount of decaying belowground biomass was less than 50% of the total belowground biomass at the vigorous sites, while it reached 75% at the die-back sites. Different N, C, P and S concentrations were found in the reed organs studied (leaves, culm, rhizome and roots). The N concentration in leaves, culm and rhizome was higher at the die-back sites, where the P concentration was the lowest. There were no significant differences in the S concentration of the examined reed organs as comparing the vigorous and degraded reeds. The C concentration of culms were higher, while that of the living rhizomes were lower at healthy than at the die-back sites. The N, P, C and S standing stocks in the aboveground biomass were significantly lower at the die-back sites than at the vigorous sites. In the belowground biomass the P standing stock was significantly lower, while the N standing stock was significantly higher at the die-back sites than at the vigorous sites. Not more than 17% of the total dry mass m −2 , 17% of the C, 24% of the N, 14% of the S and 27% of the P standing stock was found in the aboveground phytomass produced in the actual year.
Introduction
Reed (Phragmites australis Cav. Trin. ex Steud.) is a cosmopolitan species widely distributed in the littoral zones of lakes and rivers. It grows well in soils of different texture, fertility, pH and salinity forming mainly almost monospecific stands and it can be highly productive under considerably different conditions. Reed stands take part in the exchange of nutrients by taking up nutrients from sediment and water and returning them to the lake water by excretion or mineralization process (Dykyjová & Úlehlová 1998) , playing an important part in the detritus food chain (Wetzel 2001) . The biology, ecology, growth dynamics and element concentrations in Phragmites australis have been described by several authors (Björk 1967; Burian 1971; Květ 1971; Haslam 1973; Szczepańska & Szczepański 1973; Dykyjová & Hradecká 1976; Fiala 1976; Ho 1979 Ho , 1980 Ho , 1981 Raghi-Atri & Bornkamm 1979; Dinka 1986; Hocking 1989a, b; Kühl & Kohl 1992 etc) .
The decline of reed stands appeared throughout Europe during the last three decades (Ostendorp 1989) . The coordinated investigations of the EU-EUREED programme among others brought into focus the elucidation of reed decline (Armstrong et al. 1996; van den Putten 1997; Sorrell et al. 1997; Čizková et al. 1996a, b) . Relatively few papers have been published on the production, growth dynamics and nutrient content in the vigorous and dieback sites of the same area. In the frame of the EU-EUREED project, the investigation of the large reed belt in the Hungarian part of Lake Fertő/Neusiedler See provided a good opportunity for this comparison.
The aim of this study was to trace what differences can be recorded between sites with different characteristics, when the biomass reaches its maximum. Total phytomass, its nutrient contents and distribution (in living, decayed, belowground, aboveground parts) were studied.
Sampling sites
Lake Fertő/Neusiedler See, situated on the HungarianAustrian border (47 • 42 N, 16 • 46 E, Fig. 1 ), is the westernmost and largest steppe lake in Eurasia, declared as a biosphere reserve by UNESCO in 1977 and respectively. It has a surface area of 309 km 2 (Hungarian part 75 km 2 ), with a mean depth of 1.1 m; 54% of the whole lake and a total of 85% of the Hungarian part is covered by reed (Phragmites australis). Three vigorous and die-back sites were selected in the Hungarian part of Lake Fertő/Neusiedler See on the basis of aerial photos and field observations (Márkus, 1983) (Fig. 1) .
Vigorous reed stands: (Fig. 1) Site 2: dense, not harvested stand was flooded only early spring, then there was a 30-50 cm permanent water cover during the year. Associated species: Typha angustifolia. One part of the area was burned in February of 1994. In 1996 a large number of Giraudiella inclusa was found inside the culms. By the end of the 1997 vegetation period, the water level decreased in the reed stand, only several cm deep water covered the sediment surface. The degree of insect damage was much less in 1997 than in the previous year. -Site 5 (deepwater site): homogeneous stand with aggregated reed growth in deep water (80-100 cm), with tall and thick shoots. -Site 9: dense, closed reed stand, partly harvested. Last time it was harvested in the winter of 1995. -There was a permanent 30-50 cm water cover all year at both sites due to the high water level in 1996. At the end of the vegetation period of 1997, the water level dropped to the level of the sediment surface at sites 2 and 9. Die-back reed stands: sites 3, 6, 7 ( Fig. 1) , where the reeds occurred in clumps of different sizes and in general, the open water area was larger than the reed covered surface. The stands have not been harvested for a long time, but they had previously been destroyed by harvesters. There was a permanent 40-60 cm water cover at all three sites.
Samples were collected: on 3 rd September 1996 and on 25
th August, 1997 . Background data about the water and sediment chemical features of the sampling sites are given in Tables 1 and 2 .
Material and methods

Sampling
Aboveground
The collection of plant materials for maximal biomass determination and its treatment were carried out according Dykyjová et al. (1973) . A randomly selected 4 × 1 m 2 reed was harvested at the sediment surface at each site. Old (standing litter) and new (that year) shoots were separated, counted and their fresh mass was recorded. New shoots were arranged according to their height and subsamples were taken from them. Shoot height, basal and apical diameter, the length of green leaf sheats (for assimilating surface estimation) and length and width of every single leaf (for leaf area) (Ondok 1968) were measured; for leaf area index (LAI) calculation leaf area per one culm and shoot density were used. The mass of leafblade and culm (including leafsheats) were also determined. After biometrical data were recorded, samples were dried at 105
• C until their mass did not change. Belowground A 19.5 cm diameter 1 m long sampling tube was used to collect two samples per square metre (altogether 8 samples per site) for live rhizome estimations (Schierup 1978; Fiala 1973) . The samples were separated into vigorous, decaying and dead parts. All data (above-and belowground) were calculated in dry mass per 1 m 2 . Total phytomass contains the total above-and belowground biomass.
Chemical analysis
In reed organs the N, C and S concentrations were detected by a FISONS NA 1500 NCS-analyzer, the P concentrations were detected after wet combustion with sulphuric acid and measured spectrophotometrically using the molybdenum blue method (Győri 1973) .
For calculation of C, N, P, S standing stock of the above-ground organs, measurements of total C, N, P, S content of the culm and of the leaves per one shoot (concentrations: g g −1 , coupled with their mass: g dry weight) and shoot density were used. Consequently the C, N, P, S standing stock of below-ground organs was calculated by using the element concentrations of these organs and their biomass.
Statistical evaluation
Analysis of variance (ANOVA, p: 5%) was used to evaluate statistically the results (Sváb 1979) 
Results and discussion
Environmental conditions
Global solar radiation and sediment surface temperature data (1996 and 1997) were obtained from the openwater meteorological station (Fig.1 ) situated 30 m from the reed belt (water depth at about 100 cm). There were no remarkable differences in global solar radiation (maximum values: 20-24 MJ m −2 d −1 ) data between the two consecutive years: 1996 and 1997. As comparing to 1996, in 1997 early spring there was an increase in the sediment surface temperature (March), followed by a considerable temperature drop in April (sediment surface temperature decreased below 0
• C and the water surface temperature below 2 • C). Cooler weather lasted till August followed by a dry, warm period turning suddenly into an extremely cold mid-October (−10
Changes in water levels of Lake Fertő/Neusiedler See are presented from 1995 to 1997 (Fig. 2 ). An extremely high level was experienced in 1996, in 1995 there was an average and in 1997 a high water level. Though 1997 was a rainy year, like to 1996, due to water level regulations the fluctuations were less extreme (and lower water levels were recorded in 1997).
In 1997 the weir on the outflow canal was opened three times (December-January, April-May, June). Under those conditions, when there is less water, decrease in water depth is mainly due to the outflowing water and not to the evaporation, and the chemical separation of the different parts of the lake occurs (Table 1 ; Takáts et al. 1997 ).
In a previous study of Dinka et al. (2004) it was pointed out that the chemical characteristics of Lake Fertő/Neusiedler See are strongly influenced by the water level fluctuations, in 1996 (when the water level was extremely high) the similarity of sites was related with the geographical proximity of the sites and not with the health condition of the reed belts, while when the water level was lower the same sampling sites showed more remarkable separation, reflecting the condition of the reed stands.
Reed stand
Shoot characteristics Average shoot characteristics, when the aboveground biomass reached its maximum, are summarised in Table 3. Shoot height was significantly smaller at the dieback than at the vigorous sites. The total number of culm internodes was nearly identical at the die-back (16-17 internodia per culm) and the vigorous sites (18-20 internodia per culm) in 1996. In 1997, these numbers decreased by 1-2 internodia as an average both at the die-back and the vigorous sites. The differences in shoot basal diameter between the vigorous and dieback sites were significant in both years (Table 3 ). The number of living leaves was 8-9 per shoot at the dieback and increased to 9-11 per shoot at the vigorous sites. Although the number of leaves were the same at die-back sites in the two investigated years, their mass and area significantly decreased from 1996 to 1997 (Table 3). On the other hand, the number of leaves decreased at the vigorous sites, but their mass and area were higher in 1997 than in 1996. Changes in shoot morphometry (shorter and thinner shoots) in 1997 resulted in a considerable decrease of the shoot dry mass. The average shoot dry mass was 9.2-12.5 g at the dieback and 12.7-18.5 g at the vigorous sites in 1996, and 5.2-8.0 g and 10.1-17.9 g in 1997, respectively. Aboveground biomass The average old shoot density varied between 174-547 shoot per m 2 (Table 3) . Old shoot biomass was between 1.6-2.3 kg m −2 with the exception of site 5, where it was significantly higher (6.5 kg m −2 ). In previous studies has been described that the standing litter remains in the area for several years (2-4, in some cases 6 years) (Haslam 1970; Masson & Bryant 1975) . Both in early spring at the beginning of shoot development, and later during the vegetation period, litter affects the development and production of reed by causing microclimatic changes and light competition (Haslam 1969 (Haslam , 1970 Granéli 1989; Ostendorp 1988) .
Considerable differences were detected between 1996 and 1997 in the number of new shoots and their biomass (Table 3) . A possible explanation is that in 1997 an early temperature increase in March was followed by an April frost, killing new buds. According to Haslam (1969) , frostdamaged buds can be regenerated quickly if the apical meristem was not damaged (i.e., in the basal part of the bud) when the frost occurred. Shoot density was significantly highest at site 9 (1996:197 shoot m −2 , 1997:149 shoot m −2 ) in both years. Reed used to be harvested there before 1996. During the period of our study, standing litter was composed of reed developed in two vegetation periods. In *: the differences between the 2 years are significant P = 5%
spite of climatic changes, reed remained standing at this site. At the other sites standing litter was composed of older shoots (up to 4-5 years). Some of the standing litter was laid down, which affected shoot density at the vigorous sites. At the die-back sites, where the high competition affecting the impact of the standing litter is more limited due to clump formation, shoot development was less limited. At these sites, the nutrient reserves in the rhizomes decreased more during the winter period than they did at the vigorous sites (Dinka & Szeglet 1999) . This decrease had an unfavourable effect on shoot morphometry. At the sampling sites (except site 9), no considerable difference was recorded in shoot density. In 1996, 2-5.6% of the shoots reached the generative phase, in 1997 this ratio was 8-14%, and only shoots at the vigorous sites reached the flowering stage. Shoot density decreased significantly from 1996 to 1997 at the vigorous sites (Table 3) . As a combined result of shoot density decrease and the previously discussed unfavourable decrease in shoot morphometry, a considerable decrease in biomass was recorded (1996: 1.7-2.8 kg m −2 , 1997: 1.0-1.8 kg m −2 ). Among the dieback sites, shoot density decreased only at site 6, but in 1997 changes in shoot morphometry (short, thin shoots) resulted in a decline of aboveground biomass (Table 3) .
In 1996, the aboveground biomass consisted of 17-23% green leaves, 0.5-3.4% senescent leaves, 77-82% culms, respectively. In 1997 these components were 20-27%, 0.5-2.6% and 68-73%, respectively. The proportion of leaves increased (mainly at the die-back sites). The dry mass of the inflorescences reached 2-5% of the shoot dry mass but the proportion of shoots reaching the generative phase was below 8% in both years. Similarly to our results, the phytomass was measured when the biomass was the highest, consisting of 6-10% inflorescences, 26-28% leaves and 50-60% culms (Granéli 1990; Sieghardt & Maier 1984; Ksenofontova 1988; Ho 1979) .
Considerable differences in the assimilating surface were recorded between the sites and the years ( Dinka & Szeglet (1998 , 2001 ) measured greater production and higher LAI values at the same sites. In addition and Burian (1971) recorded 1.3-1.8 times higher aboveground biomass and LAI in the Austrian part of Lake Fertő/Neusiedler See. The green leaf sheath is part of the assimilating surface of the shoot. Similarly to the LAI values, leaf sheaths were also significantly larger at the vigorous than at the die-back sites (Table 3) in both investigated years. The leaf sheath area decrease from 1996 to 1997 was caused by the development of shorter and thinner shoots and shoot density decrease. The assimilating leaf sheath provided 26-37% and 27-40% of the LAI at the vigorous and the die-back sites, respectively, in both years. Ondok & Gloser (1978) estimated that 10% of the LAI is provided by the assimilating leaf sheaths.
As nutrients are taken up by Phragmites both from sediment and water, the mineral concentrations of the surrounding water and soil may influence the reed production (Dykyjová & Úlehlová 1998) , however Westlake et al. (1998) found that in very fertile habitats there may be little or no relationship between internal and external concentrations of minerals.
In 1996 the above-ground biomass positively correlated with N (r 2 = 0.64), S (r 2 = 0.71) content of the sediment at all sampling sites and also with the P (r 2 = 0.65) concentration in except with site 5. Unlike to 1997, when there were no correlation between the above mentioned parameters. According to Dykyjová & Úlehlová (1998 ) the differences in biomass often correspond with the differences in nutrient content of soils.
The lower above-ground biomass in 1997 as compared to 1996 may had several other causes (e.g. the effect of unfavourable weather conditions and the changes in water level due to the regulation), beside the changes in nutrient concentrations of the sediment (Table 2) , which may have a stronger stress effect on reed development. Belowground biomass The length of reed samples for belowground biomass estimation varied between 48 and 66 cm. The rhizome samples taken from site 5, however, had the highest biomass of all study sites, due to greatest average sample length (100 cm). The dry mass of the living plant parts was 10.8 kg m −2 , out of this value the rhizomes made 8.5 kg m −2 , which was significantly higher than at any other site.
The results of the belowground biomass studies are summarised in Table 3 . The majority of the living rhizomes and roots are situated in the upper sediment layer, above the first horizontal rhizome (25-40 cm). No significant differences were found in the analysis of variance of the different parameters (mainly the living biomass) between the investigated years ( at the die-back sites. In a nutrient rich environment the belowground biomass can reach 21 kg m −2 with a 75% rhizome content (Hocking 1989a ). According to Fiala (1976) , the belowground reed biomass consists of 2-5 kg m −2 living rhizome and 0.08-3.6 kg m −2 roots. While the mass of rhizome buds was very similar at the vigorous sites (49-165 g m −2 ), their estimated number fluctuated between 84 and 251 per square meter (Table 3 ). The number of buds was 234 and 285 per m 2 at die-back sites 6 and 7, respectively. Their mass was 205 and 129 g m −2 . Buds were small but they were present in large numbers. They were always found in the upper layer of the sediment at all sites. Extensive growth of second and third generation shoots at the dieback sites (Dinka & Szeglet 2001) recorded in previous years can explain why no buds were detected in the samples at the sampling time at all three sites in 1996 and at site 3 in 1997.
Bud formation on the reed rhizome accelerates from the time of the development of 80-90% of the assimilating surface (end of May, June) (Haslam 1969 (Haslam , 1971 Granéli et al. 1983) . In 1996 at the die-back sites this process did not begin or only hardly began when the biomass reached its maximum, which meant a considerably delayed bud development. This fact together with the prolonged bud growth affects the structure of the reed stand: shoot density and shoot morphometry (height, diameter, dry mass) (Haslam 1969) .
In the rhizome system, the dead dry mass varied between 1.4 and 1.9 kg m −2 at the vigorous sites and between 1.0 and 2.6 kg m −2 at the die-back sites. At the vigorous sites decaying and dead rhizomes made up approximately half of the total belowground biomass. At die-back sites, they comprised approximately one half to three quarters of the total belowground biomass.
The ratio of living belowground biomass to the mass of new shoots varied between 2.0 and 5.8 at the vigorous and between 4.9 and 7.9 at the die-back sites. The ratio of living rhizome to new shoot mass was between 1.5 and 4.6, and between 3.6 and 5.0 at the vigorous and the die-back sites, respectively. According to Fiala (1976) the ratio of belowground dry mass to the total aboveground dry mass was highly variable in different reed stands: 1.0 to 9.9, while Hejný et al (1981) recommended the use of a ratio of 2.5. In the Austrian part of Lake Fertő/Neusiedler See this ratio varied between 2 and 3 (Sieghardt & Maier 1984) .
Nutrient concentrations
The concentrations of C, N, S and P in the different reed organs can be seen in Table 4 . The highest C concentrations were measured in the stem and standing litter and the lowest ones were in the decaying roots. The highest P and N concentrations were measured in the leaves and decaying roots.
Similar N and P concentration distributions were observed within the reed organs by Květ (1973) , Ho Dykyjová & Hradecká (1976) , Dinka (1986) and Ksenofontova (1988) . The S concentration was relatively different in the reed organs examined. The roots and rhizomes contain the highest S concentration in contrast to C, N and P concentrations. Similarly to our results, Hocking (1989b) also recorded higher S concentrations in the rhizomes and roots than in the aboveground organs. At the die-back sites the P concentration was significantly lower in the examined reed organs in both years while the N concentration was the highest. There were no differences in S concentration in the belowground organs between the vigorous and die-back sites.
Nutrient standing stock Carbon The C standing stock of old shoots varied, between 500 and 1000 g m −2 . The C standing stock of new shoots was between 400 and 1250 g m −2 in 1996 and between 200 and 750 g m −2 in 1997. Similarly to the aboveground biomass, the C standing stock was also significantly lower at the die-back sites (sites 3, 6 and 7) than at the vigorous sites. 1-2% of the total C standing stock of the aboveground biomass was in senescent leaves, 20-27% in green leaves and 71-77% in the culms. No considerable differences were found between the belowground C standing stock at the sampling sites (living biomass: 1.100-2.500 g m −2 , decaying biomass: 1.500-2.700 g m −2 ) with the exception of site 5. At site 5, the C standing stock of living and decaying belowground biomass was 5 000 g m −2 and 6 000 g m −2 , respectively. Table 5 shows the estimated total C standing stock per 1 m 2 and its distribution between above-and belowground organs. At the vigorous sites the share of C in the aboveground biomass was 20-38% and 17-30% of the total fixed C in 1996 and 1997, respectively. At the die-back sites this ratio was 18-33% and 13-16%, respectively. Sulphur The S standing stock of the standing litter was the highest at site 5: ranging from 7.8 to 9.3 g m −2 , while at the other sites it varied between 2.1 and 3.8 g m −2 . The S standing stock of new shoots was significantly higher at site 5 and 9 (7.9-10.2 g m −2 ) than at the other sites (1.9-4.2 g m −2 ). The S standing stock is distributed unequally between the aboveground organs. 44-48% was in the green leaves, 47-53% in the culm and 1-5% in the senescent leaves. A similar distribution (48%, 47%, 5%) was found by Hocking (1989a) , who recorded 20 g m −2 of total S in new shoots. The S standing stock in the belowground biomass (rhizomes, roots) was more than 10 times high as than the aboveground S standing stock. The S standing stock was almost the same in the living and decaying biomass at the individual sites (vigorous sites: 24-51 g m −2 , die-back sites: 25-80 g m −2 ). More S was found in the roots in the decaying biomass (25-40%) than in the living biomass (13-25%). The S standing stock of total belowground biomass varied between 70 and 152 g m −2 , with the exception of site 5 (240-270 g m −2 ). 2.2-13.6% standing stock of the estimated total S was found in the given annual aboveground biomass while 86.4-98% of the S standing stock was recorded in the belowground organs (Table 5) . Nitrogen Of the total N standing stock 1.2-10.8 g m −2 (1996) and 4.3-13.4 g m −2 (1997) N was fixed in the standing litter. measured approximately half of our values in their studies.
With the exception of site 2, the N standing stock of the annual aboveground phytomass was significantly higher at the vigorous sites (11-14.5 g m −2 ) than at the die-back sites (3.8-7.2 g m −2 ). Out of the N standing stock in the aboveground living biomass 52-63% was concentrated in the leaves. 38-54% in the culms and 0.3-2.5% in the senescent leaves. A similar distribution to the upper limit of our range was published by Hocking (1989b) . As opposite to the previously cited results, Granéli (1990) found 73% of the N standing stock in the leaves and 25% in the culms. measured 6-32 g m −2 , Gunatilaka (1991) 13 g m −2 N standing stock in aboveground biomass of reed in the Austrian part of Lake Fertő/Neusiedler See. In other areas, the N standing stock at the time of maximum aboveground biomass was higher than in our study (Dykyjová & Hradecká 1976; Květ 1973; Kühl & Kohl 1992; Boar 1996) .
No considerable difference was recorded at the individual sites between the N standing stock of the belowground living and decaying biomass (18-60 g m −2 , 23-58 g m −2 , respectively). At the die-back sites the N standing stock of the roots reached up to 70% of the total belowground N standing stock, while at the vigorous sites this parameter proved to be less than 45%. The N standing stock proportion in the decaying belowground biomass was similar to that in the living biomass (except at site 5, where it was between 80 and 90 g m −2 ), but more N was contained in the decaying roots than in the living roots at the individual sites.
The storage of more N in living underground part at die-back sites than at healthy sites (Tables 4, 5) can have an importance on reed decline (Ostendorp 1989 , Čižková-Končalová et al. 1992 and to the N cycle. The higher organic matter content, N and P concentrations in the sediment of the die-back reed sites than in the vigorous sites also may contribute significantly to reed decline (Ostendorp 1989 ), but the fertilization experiments of previous studies have shown that N rather than P may be the key element (Granéli & Solander 1988) . According to Armstrong et al. (1996) at Lake Fertő/Neusiedler See another important factor contributing to reed decline is the S 2− occurring in sediment due to the effect of frequently occurring negative redox conditions, which were also measured during our sampling times (max: −223, min: −274 mV in the 0-40 cm sediment layer).
The total estimated N standing stock was 47.9-181.2 g m −2 at the vigorous sites and 64.1-88.9 g m −2
at the die-back sites in 1996. In 1997 it was 54.0 -160.4 g m −2 and 79-101.6 g m −2 , respectively (Table 5 ). The aboveground living phytomass contained 7-24% and 3.6-11.0% of the total estimated N content at the vigorous sites and at the die-back sites, respectively. Phosphorus The standing litter fixed 0.15-0.38 g m −2 of P at the sampling sites except the sites 5 and 2 where it was 0.8-1.1 g m −2 . studied the P content of the standing litter when the biomass reached its maximum. They determined an 80% lower P standing stock (0.03-0.5 g m −2 ) as compared to our values. The P standing stock of new shoots was higher at the vigorous sites (0.4-1.3 g m −2 ) than at the die-back sites (0.18-0.32 g m −2 ) in both years. Of the aboveground P content 45-60% was in the green leaves and 0.1-2.3% was in the senescent leaves and 39-54% was in the culms, respectively. Hocking (1989a) and described similar P distributions amongst the aboveground organs of reed. Granéli (1990) found an equal P distribution between leaves and culms in August. According to the P standing stock was 0.6-3.4 g m −2 in the Austrian part of Lake Fertő/Neusiedler See, while Gunatilaka (1991) measured 2.5 g m −2 in the same area. Both the N and P values are near to our data determined at the vigorous sites in the Hungarian Part of Lake Fertő/Neusiedler See.
There was a 0.5-1.4 g m −2 P standing stock in the belowground organs (living and decaying biomass, separately) at the die-back sites and a 1.0-2.0 g m −2 P standing stock at the vigorous sites. Of the belowground P standing stock 30-55% was located in the roots.
In a 1 m 2 plot 1.6-2.4 g m −2 and 3.0-6.0 g m −2
of total P was estimated for the die-back and the vigorous sites in 1996, respectively. In 1997 these values were 1.7-3.9 g m −2 and 3.2-6.7 g m −2, respectively. The aboveground biomass contained 11-27% of the total P content at the vigorous sites and 5-15% at the die-back sites. These ratios were 60-73% and 70-90% for the belowground biomass, respectively (Table 5 ).
In conclusion we can state that shoot density and the morphometrical characteristics of the shoots (length, basal diameter, leaf number, dry mass) and the phytomass were significantly higher in the vigorous reeds than in die-back reeds. The unfavourable meteorological conditions in early spring can have a destructive effect on the structure of the reed stands. Shoot density, mass and biomass decreased mostly in the vigorous reed stand areas in 1997 than in 1996. The number of shoots did not show a relevant decrease in the degraded reed stands, but the changes in the size of the shoots (smaller shoot length, leaf area and dry mass) also reduced the total phytomass at these sites.
At the vigorous sites greater relative aboveground dry mass was calculated to be present in the estimated rhizome and root dry mass (i.e. a smaller rhizome and root mass developed in comparison with the shoot mass). At the die-back sites, the rhizome and root dry mass per unit area was associated with considerably less shoot dry mass (i.e. the approximately 50% less shoot dry mass was related to the estimated rhizome and root dry mass per unit area at the die-back, than at the vigorous sites).
There were no relevant differences in the phytomass and in the partitioning of the phytomass of the belowground organs (living, decaying rhizome and roots) at the individual sampling sites in the two sampling years.
The aboveground parts (new shoots and standing litter) represent only 20-30% of the phytomass calculated per 1 m 2 , the remaining percentage present in the rhizome system.
The N concentration was significantly lower and that of P significantly higher in vigorous reeds than in die-back reeds.
The partitioning of carbon between the aboveground and belowground organs was very similar to the partitioning of the biomass. In the case of S, this ratio moves away in the direction of the belowground organs (because of the high S concentration in the rhizomes and roots).
The aboveground biomass of the individual site was different between the years while the underground biomass remained relatively constant.
The organic matter content and the N and P concentrations in the sediment were higher at the die-back reed sites than in the vigorous reeds. Due to the effect of frequently occurring negative redox condition, H 2 S formed in the sediment can have an unfavourable phytotoxin effect on the reed stands.
The results indicate that not only biomass ratios but the intensity of nutrient cycling also differ between the vigorous and the die-back sites.
